The effect of extrusion processing by a twin screw extruder on the nutrient utilization, and the availability of defatted soybean meal (SBM) as partial protein source were studied with rainbow trout of about 4-5g. In Expt. I, fish were fed the control and 30% SBM diets with and without extrusion processing for 6 weeks. In Expt. II, fish were fed ordinary steamed dry pellets (DP) containing 30% SBM or 30% extruded SBM (ExSBM) as a partial substitute for fish meal, and extruded soft-dry pellets (SDP) with 30% SBM for 8 weeks.
Effect of Extrusion
The effect of extrusion processing by a twin screw extruder on the nutrient utilization, and the availability of defatted soybean meal (SBM) as partial protein source were studied with rainbow trout of about 4-5g. In Expt. I, fish were fed the control and 30% SBM diets with and without extrusion processing for 6 weeks. In Expt. II, fish were fed ordinary steamed dry pellets (DP) containing 30% SBM or 30% extruded SBM (ExSBM) as a partial substitute for fish meal, and extruded soft-dry pellets (SDP) with 30% SBM for 8 weeks.
Expt. I: There was no marked difference in growth or feed efficiency between the control and 30% SBM diets.
Their dietary values and growth rate were not significantly improved by the extrusion, although the digestibility of starch was markedly elevated. The digestibility of dietary protein was not influenced by extrusion processing, ranging between 88 to 91%. Expt. II: Of the 30% SBM diets, SDP with a higher energy content produced higher growth, PER, protein, and energy retention than DP. Feed consumption was slightly lower in SDP with the higher energy level, leading to improved feed efficiency. Replacement of 30% SBM with the same level of ExSBM did not result in any nutritional improvement of DP.
Many researchers have tried to replace the ex pensive fish meal component of fish feed with other less expensive plant proteins. Soybean meal as a protein supplement has been used widely in fish feed1-6) due to its nutritional quality, lower cost, and market availability.
However, the results show great variation in the degree of suc cess for the replacement of fish meal depending on the species of fish, the size of fish, and the types of ingredients used. Our previous study7) demonstrated that there was no marked difference in protein quality between defatted soybean meal (SBM) and its extruded meal (ExSBM), and that feed performances were reduced inversely to di etary SBM levels due to reduced protein and energy levels. The elevation of protein and en ergy levels of SBM diets using extruded soft-dry pellets (SDP) effectively improved the growth and feed performances of rainbow trout.*4 Ex trusion has become the major processing method for food and feed production.
It has been used to commercially produce other foods, including animal feed, snack foods, and various dairy and meat products.
However, this technology has recently been exploitted for the production of aquaculture feeds. The effects of extrusion pro cessing on nutritional value have been a major concern. The high temperature and pressure of this process could cause the gelatinization of starch and inactivate protease inhibitors and other antinutritional factors.8-11) Thus, extrusion can enhance the digestibility of protein through de naturation and by inactivation of protease in hibitors, but the improvement is generally less than 5% 10) On the other hand, extrusion pro cesses are known to favor the Millard reaction.11) This reaction reduces protein quality by lowering both digestibility and availability of the amino acids involved.
However, this amino acid damaging reaction is most likely to occur in 
Experimental Procedure
Two feeding experiments were conducted with fingerling rainbow trout Oncorhynchus mykiss. The fish were acclimated in aquaria for 2 weeks using a commercial rainbow trout diet. At the end of acclimation period, the fish were starved for 24h and weighed individually, after which they were fed with the experimental diets.
At the beginning of each experiment, fifty fish were first collected for whole body analysis. The pooled samples of fifty fish in each experiment were analyzed for crude protein, crude lipid, moisture, and crude ash using the same methods as described previosuly. 12) At the end of each experiment, fish were starved for 24h before individual weighing (final body weight). Ten fish were collected from each of two aquaria from each dietary treatment for whole body analysis. The fish from each aquarium were pooled and analyzed for body composition by the methods described for the initial fish samples.
All the experimental diets were analyzed for crude protein, crude lipid, gross energy, moisture, and crude ash contents using the methods de scribed above.12)
Feeds and Feeding Conditions
All the experimental diets used in this study were kindly prepared and pelleted by Sakamoto Fish Feed Company into two types of feed, steam dry pellets (DP) and extruded soft-dry pel Statistical Methods Statistical analysis of the experimental results was carried out using analysis of variance (ANOVA). Duncan's multiple range test was used to compare the individual treatment mean differences at the 0.05 significance level.
Results and Discussion

Growth and Feed Preformance
Experiment I: the effect of extrusion processing on growth response and feed performance is presented in Table 2 . Although a slight reduc tion in growth and feed efflciency was obtained for diets containing 30% SBM, there was no significant difference between the dietary treat ments for these parameters (P>0.05).
Growth and feed efficiency were not significantly influenced by the extrusion processing, although the absolute feed efficiency values were slightly Table 3 . Effect of extrusion processing of SBM and diets containing 30% SBM on PER and retention of protein and energy in rainbow trout better for the extruded diets than for the non extruded ones. The final abody weight and per cent gain of fish fed the 30% SBM diet with or without extrusion were comparable to those fed the control diets.
These results indicate that the inclusion of 30% SBM in place of fish meal did not reduce growth and feed efficiency when the diet contained proper amounts of pro tein and energy. It was also confirmed that the markedly lower growth of rainbow trout fed the diet containing 30% SBM observed in our previous study7) was mainly due to the lower digestible crude protein (DCP)/digestible energy (DE) intake. The DCP/DE of the control and 30% SBM diets in the former study were 88 and 77mg/kcal; but higher values of 89 and 83mg/kcal were noted in this experiment (Table 1) .
Regardless of the extrusion process, the diet with 30% SBM gave feed consumption as good as the control groups (Table 2 ). This result in dicates that the diet containing 30% SBM was palatable to rainbow trout as the fish meal diet. The extruded diets showed a slight reduction in feeding rate compared to the non-extruded diet. This result was also supported by Hilton et al. 14) who reported that rainbow trout reared on the extruded pellets had a prolonged gastric emptying time, and that this reduced the total daily feed consumption.
The PER values varied from 2.31-2.57 (Table 3 ).
There was no significant difference between PER values of fish fed the control diets and those fed diets containing 30% SBM . The PER of the extruded diets was also not statistically elevated, although it was slightly higher in them.
The retention of protein and energy was es timated on the basis of the increment of body protein and protein intake, as well as the incre ment of body energy and gross energy intake, respectively. In spite of the fact that there was no significant difference (P>0.05) between the extruded and non-extruded diets, the protein and energy retention showed a tendency to increase slightly in the extruded diets. The retention of protein and energy in the 30% SBM diet was also not significantly different from those of the control diet (P>0.05).
Consequently, protein retained in fish fed diets containing 30% SBM (37-39%) was comparable to those fed the control diets (35-38%), suggesting that SBM protein was efficiently utilized.
Experiment II: the growth performance, feed utilization, and feed consumption in the experi mental fish are shown in Table 2 . The results showed that there was no significant difference in weight gain between treatments.
Nevertheless, the final body weight of fish fed DP with 30% of SBM or ExSBM was slightly lower than those fed SDP with 30% SBM, which was comparable to fish fed the control diet. The slightly higher final body weight and percent gain obtained in fish fed the control diet may be attributed to the higher dietary CP/GE ratio, lead ing to an increased protein intake. Of the 30% SBM diets, the SDP produced a higher growth and feed efficiency than DP, demonstrating that extruded pellets with higher energy levels im proved feed utilization. The feed efficiency in fish fed SDP containing 30% SBM (1.26) was approximately equal to that of fish fed the control diet (1.22), and was significantly greater than those fed DP with 30% SBM (1.10) or ExSBM (1.06). Hilton et al.14) stated that extruded pellets were observed to be more dura ble, had superior water stability, and absorbed more water than steam pellets. They also re ported that extruded pellets were retained longer in the stomach of rainbow trout than steam pellets, and they suggested that this may bave been re sponsible for the observed higher feed efficiency with the extruded pellet.
Feed consumption was reduced in 30% SBM -SDP with the highest energy level. It was pos tulated that the fish may have eaten to satisfy their energy requirement, as has been pointed out by Page and Andrews.15) This was also supported by Hilton et al. who fund that rainbow trout reared on extruded pellets had prolonged gastric emptying time, and that this reduced the total daily feed consumption of the fish. This also agreed with the results of the first experiment, that the feeding rate of fish fed extruded diets tended to decrease for both the control and the 30% SBM diets. Therefore, the lower feed con sumption and excellent growth of fish fed 30% SBM-SDP indicated that feed and protein utilization was markedly improved in fish fed with this diet compared to those fed with DP with SBM or ExSBM. This result was also supported by the previous study*4 which concluded that in creasing the SBM level up to 50% in SDP could give excellent growth and feed performance in rainbow trout.
PER values were generally high, ranging from 2.43 to 2.75 (Table 3 ). The best PER was ob served in fish fed 30% SBM-SDP. As the growth rate of fish fed the control diet was not greatly different from fish fed 30% SBM-SDP, the lower PER of the control diet may be partly due to the effect of the higher dietary protein level. It has been reported that increasing the dietary protein level improved growth but caused a reduction in PER. 12, 16, 17) The same tendency was observed for protein and energy retention. These values were estimat ed on the basis of the same method as in Experi ment I. Protein and energy retention varied from 39-42% and 48-56%, respectively. Fish fed 30% SBM-SDP gave the best protein and energy retention. However, the protein retention of fish fed DP with 30% SBM or ExSBM was not markedly different from those fed the control diet, while the energy retention was slightly lower than the control group.
SBM was found to be unpalatable to some other fish, such as chinook salmon, causing growth re duction and high mortality.18) However, this protein meal was acceptable to rainbow trout, as fish fed 30% SBM diets showed palatability as good as those fed fish meal diets. Tacon et al. 19 ) reported that commercial hexane extracted SBM could be used to replace fish meal for up to 50% (26% SBM in the diet) in the diet for rainbow trout, with no adverse effects on growth perform ance or feed utilization efficiency. The same au thors also found that extrusion of that SBM did not improve growth or feed utilization. Similar to the present study, growth or feed performance of fish fed DP with 30% ExSBM were not im proved. These results were also supported by our previous result7) that there was no marked difference in growth or feed efficiency between diets with SBM and ExSBM. Dabrowski et al.20) noted that the growth rate of rainbow trout was reduced significantly when 50% of fish meal was replaced by SBM (25% SBM in diet). They spec ulated that the availability of methionine in soy bean meal was one of the major factors responsi ble for the reduction in growth performance.
Apparent Digestibility
The apparent digestibility of dietary nutrients determined in Experiment I is presented in Table 4 . The apparent digestibility of dietary protein and lipid was not markedly different between the various dietary treatments.
The protein digesti bility was relatively high, ranging from 88 to 91%. The inclusion of 30% SBM did not cause any reduction in protein digestibility. Likewise, pro tein digestibility was not influenced by extrusion processing, while starch digestibility was enhanced. The starch digestibility of the non-extruded diets was less than 32%, while it improved to over 69% for the extruded diets. It has been found that the extrusion process caused an expansion of the gelatinization of starch granules with an immediate opening-up of molecular chains, leading to in creased digestibility.9) Although the starch di gestibility of extruded diets was clearly improved, the growth and feed efficiency were not effectively elevated in fish fed extruded diets. This could be attributed to the low dietary starch content. This is also supported by a slight in crement in energy digestibility.
The diets con taining 30% SBM gave a lower energy digesti there was no difference in the body lipid content of trout reared on extruded or steam pelleted diets which contained the same amount of energy. The nutritional quality of SBM diets was not significantly improved by the extrusion process, although the digestibility of starch was markedly elevated. Moreover, the extrusion of SBM in DP could not improve growth or feed utilization, but SDP with high energy levels improved growth and feed performance.
It has been concluded that the inclusion of 30% SBM in diet had no adverse effect on rainbow trout in terms of growth, feed efficiency, feeding activity, PER, and protein digestibility.
